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(57) ABSTRACT

A bearing ring, 1n particular of a rolling bearing or a sliding
bearing, including a body made of a magnetostrictive mate-
rial, having a first raceway (2) and a second, axially spaced
apart, raceway (2') and a permanent magnetization (3) which
1s 1impressed 1nto the material of the body between the race-
ways (2, 2') and which runs around an axis of rotation (9) of
the body. According to the invention, the bearing ring
achieves the object of improving the structural integration of
a torque sensor 1nto a bearing, which torque sensor generates
a torque-dependent magnetic field by utilizing the inverse
magnetostrictive eflect.
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BEARING RING FOR A BEARING, IN
PARTICULAR FOR A ROLLING OR SLIDING
BEARING

FIELD OF THE INVENTION

Background

The 1mvention relates to a bearing ring with two axially
spaced apart bearing raceways, 1n particular a bearing ring for
a rolling bearing or a sliding bearing, as well as a bearing
including such a bearing ring.

It 1s known from practice to rotatably mount a rotating part,
in particular a shaft, by means of at least one bearing, 1n
particular by means of a rolling bearing or a sliding bearing,
with respect to a connecting construction, 1n particular with
respect to a bearing housing. The rotating part, in particular
the shatt, 1n many cases transmits a torque which 1s transmit-
ted at least partially onto the bearing so that there arises the
need to detect the torque in the region of the bearing, in
particular in the region of one of the bearing rings of the
rolling or sliding bearing.

The magnetostrictive measurement principle for detecting
torques 1n shafts 1s fundamentally known from the prior art,
wherein, using the imverse magnetostrictive effect, mechani-
cal stresses which are generated by a torque introduced 1nto a
shaft generate a magnetic field 1n the magnetostrictive mate-
rial of the shaft, which magnetic field 1s a gauge for the
mechanical stresses and thus for the torque.

DE 101 36 438 Al describes with reference to FIG. 13 an
outer bearing ring of a single-row rolling bearing, namely of
a ol a single-row ball bearing, wherein the outer bearing ring
has a circular magnetization so that, under the action of a
radially engaging force from the outside, an additional axial
magnetization 1s generated on the outer bearing ring, the
magnetic field of which magnetization 1s detected by a mag-
netostatic sensor element between the two bearing rings of the
rolling bearing so that the radial force on the rolling bearing,
can be measured. It remains open here how the torque of the
shaft which 1s rotatably mounted 1n the single-row ball bear-
ing can be measured.

DE 697 32 183 T2 describes a double-row tapered roller
bearing with a shared first bearing ring and a two-part second
bearing ring, a spacer ring being arranged between the two
parts of the second bearing ring, on which spacer ring a gear
wheel 1s fastened which serves as a signal transmitter for
detecting the rotational speed.

DE 10 2010 047 928 A1l describes a double-row bearing
ring of a rolling bearing, 1n particular of a tapered roller
bearing, wherein sensors such as, for example, strain gauges
or piezoceramic lforce sensors are arranged on the lateral
surface pointing towards the other bearing ring centrally
between the two raceways of the bearing ring.

JP 2001033322 AA (abstract) describes a bearing ring of a
single-row ball bearing, wherein a structured coating of a
magnetoelastic material 1s applied on the lateral surface
which points towards the other bearing ring of the ball bearing
in order to act as a signal transmitter for a torque sensor which
detects the torque-dependent magnetic field of the structured
coating between the two bearing rings. The structured coating
1s arranged on an axially extended portion to one side of the
raceway of the spherical rolling bodies.

U.S. Pat. No. 8,079,275 B2 describes an inner bearing ring
for a rolling bearing formed as a single-row ball bearing,
wherein outside of the bearing ring, axially next to a front
surface of the mnner ring, a ring body composed of a magne-
tostrictive material 1s fastened on the shatt, and wherein with
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the other bearing ring a magnetic sensor 1s fastened, wherein
this sensor 1s arranged either on an axial extension of the outer

bearing ring or on a retaining sleeve fastened with the outer
bearing ring so that the magnetic sensor lies radially opposite
the magnetostrictive ring body.

DE 10 2006 054 179 Al describes a shait arrangement,
comprising a shaft divided axially into an input shaft and an
output shaftt, a torsion element which 1s connected to the input
shaft and the output shaft in a torque-locking manner, wherein
the torsion element 1n a torque-iree state has a permanent
magnetization running around the axis of rotation of the shaft,
and a torque sensor formed as a magnetic sensor which
detects 1n a torque-loaded state of the torsion element a mag-
netic field which occurs outside the torsion element. The
mounting of the mput shait or the output shait 1s brought
about by bearings which are structurally separated from the
torsion element and are not described 1n greater detail so that
the torsion element must be provided as a component to be
provided 1n addition to the bearings.

SUMMARY

The object of the mvention 1s to improve the structural
integration ol a torque sensor, which generates a torque-
dependent magnetic field using the inverse magnetostrictive
elfect, 1nto a bearing.

This object 1s achieved according to the invention by a
bearing ring, 1n particular of a rolling bearing or a shiding
bearing, comprising a body composed of a magnetostrictive
material, with a first bearing raceway and a second axially
spaced apart bearing raceway, and a permanent magnetiza-
tion which 1s incorporated between the bearing raceways in
the material of the body and runs around an axis of rotation of
the body.

The permanent magnetization, which 1s incorporated
between the two bearing raceways of the bearing ring 1nto the
body of the bearing ring formed from a magnetostrictive
material and runs around the axis of rotation of the body,
supplies the torque-dependent magnetic field, wherein the
bearing ring i1s connected to the shaft which conducts the
torque 1n a torque-locking manner. The arrangement of the
permanent magnetization between the two bearing raceways
ensures that the influence of the rolling bodies, 11 the bearing
1s formed as a rolling bearing the rolling bodies of which roll
along the bearing raceway, or of the other bearing ring, 1f the
bearing 1s formed as a sliding bearing and sliding contact with
the other bearing ring of the sliding bearing occurs in the
region of the bearing raceway, 1s eliminated.

If, however, a magnetic field 1s detected 1n a torque-iree
state of the shaft by a magnetic sensor which lies radially
opposite the permanent magnetization, which magnetic field
1s not due to stray fields, this magnetic field indicates that a
plastic deformation of the relevant portion of the bearing ring
has occurred 1n the region of the permanent magnetization
and thus the bearing ring was loaded with a torque for which
it was not designed.

It 1s preferably provided that the permanent magnetization
comprises a partial magnetization close to the surface which
runs around the axis of rotation in a first circumferential
direction and a radially spaced apart partial magnetization
distant from the surface which runs around the axis of rotation
in an opposite direction to the partial magnetization close to
the surface. The two partial magnetizations are matched to
one another in such a manner that, 1n a torque-1iree state of the
shaft or of the bearing ring, no torque-generated magnetic
field escapes from the bearing ring so that a magnetic sensor
assigned to the permanent magnetization at most detects




US 9,353,797 B2

3

magnetic interference fields but not a magnetic field which
can be umquely assigned to a torque.

It 1s preferably provided that the permanent magnetization
or partial magnetization has a first magnetized portion which
runs around the axis of rotation in the first circumierential
direction and an axially spaced apart second magnetized por-
tion which runs around the axis of rotation in an opposite
direction to the first circumierential direction. The axial spac-
ing apart of the opposite magnetizations or partial magneti-
zations enables the determination of the direction of rotation
of the torque and further enables suppression of the influence
of magnetic interference fields since, for example, only the
difference between the magnetic fields of the two magnetiza-
tions 1s detected.

It 1s preferably provided that a coupling portion 1s provided
at or close to an end of the body. The coupling portion is
provided as a portion formed at the end of the body of the
bearing ring, namely at the front surface of the bearing ring or
close to the end of the body of the bearing ring, namely on a
portion of the lateral surface of the bearing ring adjoining the
front surface, in the case of which a structure 1s formed by
formations, to which structure a portion of a shaft can be
fastened 1n a torque-locking manner. The shaftt 1s then rotat-
ably mounted by the two raceways of the bearing ring
together with the other bearing ring with respect to a connect-
ing construction.

It 1s preferably provided 1n terms of the coupling portion
that the coupling portion comprises a feather spring or 1s
formed as a multi-tooth connection or as a multi-edge con-
nection.

It 1s preferably provided that at least one of the bearing
raceways, 1n particular both bearing raceways are arranged
radially offset 1n relation to the axis of rotation opposite the
portion having the permanent magnetization. The material
thickness 1n the portion of the bearing ring having the perma-
nent magnetization can be adjusted, for example, by material-
removing post-machining of a standard bearing ring so that an
increased torsion moment occurs in the body so that small
torques can also easily be measured without restricting the
function of the bearing ring as part of the bearing of the
mounting.

It 1s preferably provided that the body 1s formed 1n one
piece so that the bearing ring 1s manufactured from a single
part which 1s comprised of a magnetostrictive material 1nto
which the at least two axially spaced apart bearing raceways
are produced and which has an mnner bore.

It 1s preferably provided that the permanent magnetization
1s arranged axially centrally in relation to the two bearing
raceways. If two axially spaced apart magnetized portions are
provided, these magnetized portions are arranged on both
sides, 1n particular in mirror-symmetry, in relation to an
imaginary, axially central middle plane 1n relation to which
the two axially spaced apart bearing raceways are also
arranged 1n mirror-symmetry.

The mvention further relates to a bearing, comprising two
bearing rings, wherein the first bearing ring, according to the
invention configured in particular as an internal ring, is
formed as described above.

Further advantages and features will become apparent
from the dependent claims and from the description of an
exemplary embodiment of the invention.

The invention will be described and explained 1n greater
detail below with reference to the enclosed drawing.
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4
BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows schematically a sectioned view of an exem-
plary embodiment of a bearing ring according to the invention
and of an exemplary embodiment of a bearing according to
the invention.

L1
]

ERRED

DETAILED DESCRIPTION OF THE PR.
EMBODIMENT

FIG. 1 shows a bearing ring 1 which 1s formed as an 1nner
ring of a double-row rolling bearing with spherical rolling
bodies, wherein the bearing ring 1 comprises a one-piece
body composed of a magnetostrictive material, with a first
bearing raceway formed as a rolling raceway 2 and a second
axially spaced apart bearing raceway also formed as a rolling
raceway 2', and a permanent magnetization 3 which 1s 1mcor-
porated between both rolling raceways 2, 2' into the material
of the body of the bearing ring 1 and runs in a circular manner
around an axis of rotation 9 of the body.

Permanent magnetization 3 1s formed close to an outer
lateral surface 10, which points away from the axis of rotation
9, of the body between both rolling raceways 2, 2' and com-
prises two axially spaced apart magnetized portions 3a, 36
formed between the rolling raceways 2, 2', wherein in the
region of the first magnetized portion 3a the part of the mag-
netization close to the surface runs 1n a first circumierential
direction, namely 1n a clockwise direction, and 1n the region
of the second magnetized portion 35 1n an opposite direction
to the first circumierential direction, namely 1n a counter-
clockwise direction.

In each of the two axially spaced apart magnetized portions
3a, 3b, the permanent magnetization 3 has a partial magneti-
zation close to the surface which runs around the axis of
rotation 9 1n a first circumierential direction and a radially
spaced apart partial magnetization distant from the surface
which runs around the axis of rotation 9 in an opposite direc-
tion to the partial magnetization close to the surface. In con-
crete terms, in the region of the first magnetized portion 3a the
permanent magnetization has the above-described partial
magnetization which 1s close to the surface and runs around
the axis of rotation 9 1n a clockwise direction and additionally
a partial magnetization distant from the surface which 1is
radially spaced apart from the partial magnetization close to
the surface towards the axis of rotation 9 and runs around the
axis ol rotation in the opposite direction, 1.€. in a counter-
clockwise direction. Correspondingly, in the region of the
second magnetized portion 35, the permanent magnetization
3 has, 1n addition to the partial magnetization described above
which 1s close to the surface and runs around axis of rotation
9 1n a counter-clockwise direction, a partial magnetization
which 1s radially spaced apart therefrom and runs around the
axis of rotation 9 in the opposite direction, 1.e. 1n a clockwise
direction.

In each case a coupling portion 8, 8' 1s formed at each of the
two ends of the body of the bearing ring 1, which portion 1s
provided for torque-fixed transmission of the torque from a
shaft connected 1n a torque-locked manner to the coupling
portion 8, 8' to bearing ring 1. Both coupling portions 8, 8' are
formed 1dentically, are separated by the respective bearing
raceway 2, 2' from the permanent magnetization 3 and, for
example, formed as a deformation or embossing formed on a
front surface 11 or as a portion 12, directly adjoining the front
surface 11, of a lateral surface 10 of the body of the bearing
ring 1, in particular both coupling portions 8, 8' are formed
identically and are configured as part of a positive-locking,
non-positive-locking or materially engaged connection to the
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respective shait, not represented pictorially, for example, as
part of a feather spring connection, a multi-edge connection
or a multi-tooth connection.

It 1s further provided 1n the case of the body of the bearing,
ring 1 that both of the bearing raceways 2, 2' are formed oflset
radially 1n relation to a portion 13 of the lateral surface 10,
which portion 13 lies therebetween and has the permanent
magnetization 3, 1.e. in relation to the axis of rotation 9, and
indeed offset away from the axis of rotation 9.

The body of the bearing ring 1 1s formed 1n one piece, in
particular produced 1n the case of manufacture from a sub-
stantially cylindrical piece of a magnetostrictive materal, 1n
the case of which the bearing raceways 2, 2' were formed and
the central portion 13 radially ofiset towards the axis of rota-
tion 9 1n which the permanent magnetization 3 should be
formed was produced, for example, by removing material; the
coupling portions 8, 8' were also formed at both ends of the
workpiece, for example, also by removing material or by a
compression process. It 1s 1n particular possible, proceeding
from a double-row standard ball bearing, to form the between
the two raceways of the standard ball bearing by removal of
material as the central portion 13 in which 1n a subsequent
method step the permanent magnetization 3 1s incorporated.
The reduction 1n the material thickness in the central portion
13 increases the torsion of the material in the case of an
externally applied torque and thus the sensitivity of the
arrangement.

It 1s further provided 1n the case of the body of the bearing,
ring 1 that the permanent magnetization 3 1s arranged axially,
1.¢. 1n the direction of axis of rotation 9, centrally between
both of the bearing raceways 2, 2a. In particular, both mag-
netized regions 3a, 36 of the permanent magnetization 3 are
arranged on both sides of an imaginary central plane 14 from
which both of the bearing raceways 2, 2a have the same
distance. Both bearing raceways 2, 2a and the magnetized
regions 3a, 3b are formed 1n mirror symmetry in relation to
this central plane 14, wherein the magnetized regions 3a, 35
have an only small distance to the central plane 14 and
directly adjoin the central plane 14 so that the permanent
magnetization 3 1s arranged 1n general axially centrally
between both of the bearing raceways 2, 2a.

The bearing ring 1 formed as an inner ring 1s part of a
bearing which, 1n addition to the 1nner ring 1, also comprises
at least one further bearing ring, namely two axially spaced
apart outer rings 4a, 4', the rolling raceways of which lie
opposite the rolling raceways 2, 2a of the inner ring 1 so that
rolling bodies 15 enable a rotatable mounting of one bearing,
ring 1 relative to the at least one other bearing ring 4, 4'. A
cylindrical sleeve 5 1s arranged as a carrier between both
axially spaced apart outer rings 4, 4', on which sleeve two
pairs of magnetic sensors 7, 7a are arranged and are fixed
radially opposite magnetized portions 3a, 35 of magnetiza-
tion 3 on the body of inner ring 1. Two evaluation units 6, 6a
are connected electrically to the magnetic sensors 7, 7a and
are also fixed on the sleeve 5, which evaluation units detect,
process and evaluate 1n each case the measurement signal of
the assigned magnetic sensor 7, 7a and which lie opposite one
another 1n pairs 1n relation to the axis of rotation 9.

The bearing turther comprises further sensors, not repre-
sented pictonally, for example, a temperature sensor or a
sensor for detecting the rotational speed and the direction of
rotation of the rotating inner ring 1, wherein the measurement
values of the further sensors are supplied to the evaluation
units 6, 6a and are processed there.

The mvention thus functions as follows:

A first input shaft under the action of torque 1s arranged 1n
a rotationally conjoint manner, 1n particular in a torque-lock-
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Ing manner, on a coupling portion 8', for example, 1n that one
end of the mput shaft 1s connected in a non-positive-locking,
positive-locking or frictionally engaged manner to portion 12
of the bearing ring 1. A second shatt to be driven 1s fastened
as an output shatt to the other coupling portion 8. Both shafts,
the input shatt and the output shatt, are mounted rotatably by
the bearing ring 1 and outer rings 4, 4' about the axis 9 with
respect to a stationary housing, not represented. The bearing
ring 1 of the bearing 1s thus connected in a rotationally con-
joint manner to the part upon which torque acts, 1.¢. the shaft
mounted rotatably by the bearing ring 1.

If no torque 1s present in the mput shaft, the magnetic
sensors 7, 7a do not detect any magnetic field, with the excep-
tion of perhaps interference fields as a result of remains of the
not fully screened off magnetic field of the Earth. The respec-
tive partial magnetization close to the surface or distant from
the surface of axially spaced apart regions 3a, 36 of perma-
nent magnetization 3 are matched to one another 1n terms of
magnitude, direction and depth in such a manner that 1t no
torque 1s present 1n the mput shait and thus no torque 1s
transmitted to the body of the bearing ring 1, the magnetic
field brought about by the permanent magnetization 3 and
occurring outside the body of the bearing ring disappears and
at most interference fields should be detected.

If a torque 1s transmitted to the output shait via the input
shaft by the body of bearing ring 1, 1.e. a torque 1s introduced
in particular by the input shaft into the body of the bearing
ring 1 which 1s connected 1n a rotationally conjoint manner to
the torque-carrying part, namely the input shatt, as a result of
the magnetostrictive properties of the material of the body of
the bearing ring 1 due to the inverse magnetostrictive effect, a
first net magnetic field occurs in the region of the first mag-
netized portion 3q and a second net magnetic field occurs 1n
the region of the second magnetized portion 35, wherein the
respective axial ratios, 1.e. directed parallel to the axis of
rotation 9, of both net magnetic fields are detected outside the
body of the bearing ring 1 by the magnetic sensors 7, 7a. The
respective partial magnetizations of both of the magnetized
regions 3a, 3b are matched to one another 1n such a manner
that the axial components have a different direction, but the
same magnitude so that, by determining the difference, the
evaluation units 6, 6a detect and process a signal which 1s

adjusted by the magnitude of the external iterference fields
and corresponds to the torque 1n the body of the bearing ring
1.

I1 no torque 1s mtroduced 1n the body of the bearing ring 1
and at least one of the two magnetic sensors 7, 7a nevertheless
detects a net magnetic field outside the body of the bearing
ring 1 which 1s not due to interference fields, this magnetic
sensor can indicate damage to the permanent magnetization 3
as a result of excessive torque so that magnetic sensors 7, 7a
can also be provided as an overload display. The material
thickness of the body of the bearing ring 1 can be correspond-
ingly designed so that no permanent deformation of the mate-
rial occurs within a permissible range for the torque. A clutch,
especially a slip clutch, can furthermore be provided at the
coupling portion 8', at which the external torque 1s introduced
into the bearing ring 1, which clutch restricts the torque
introduced into the body of the bearing ring 1 to a value below
a permissible maximum value.

In the case of the exemplary embodiment described above,
the bearing comprised a shared inner ring having both bearing
of the raceways 2, 2',but two axially spaced apart outer rings
4, 4' structurally separated by the sleeve 5. It will be obvious
that a shared outer ring can be provided which has both
bearing raceways on the outer ring.
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In the case of the exemplary embodiment described above,
the bearing ring 1 connected 1in a rotationally conjoint manner
to the torque-carrying part, namely the iput shait, was
formed as an inner ring of the bearing, which inner ring
mounted the input shaft with respect to a stationary housing
by means of the outer rings 4, 4'. In a different exemplary
embodiment, 1t can be provided that the mnner ring of the
bearing 1s formed 1n a stationary manner and the outer ring of
the bearing 1s formed 1n a rotational manner; 1n this case, the
permanent magnetization is formed on the body of the outer
ring since the outer ring 1s connected 1n a rotationally conjoint
manner to the torque-carrying part, namely the input shaft.

In the case of the exemplary embodiment described above,
the bearing raceways 2, 2' were formed as rolling raceways of
arolling bearing with 1n particular spherical rolling bodies 15.
It will be obvious that at least one of the two bearing race-
ways, 1n particular all the raceways, can also be formed as
sliding raceways and are configured as sliding surfaces for a
sliding partner of the other bearing ring of the bearing.

In the case of the exemplary embodiment described above,
the coupling portion 8, 8' was formed as a multi-tooth con-
nection or as a multi-edge connection. It will be obvious that
the coupling portion can also comprise a thread into which a
counter-thread of the input or the output shatt is fastened by
screwing 1n. In so far as torques should be transmaitted 1n both
directions of rotation, the tightening torque for fixing the
counter-thread of the shait in the thread of the coupling por-
tion should be configured to be higher than the maximum
torque to be transmitted. Alternatively or additionally, latch-
ing bodies such as balls or bolts are provided which fix the
connection of the two thread portions.

LIST OF REFERENCE NUMBERS

1 Bearing ring

2, 2' Bearing raceway

3 Magnetization

3a, 35 Magnetized portion
4, 4' Outer ring

5 Sleeve

6., 6a Evaluation unit

7, Ta Magnetic sensor
8, 8' Coupling portion
9 Axis of rotation

10 Outer lateral surface
11 Front surface

12 Portion

10

15

20

25

30

35

40

45

13 Central portion
14 Central plane
15 Rolling body

The mvention claimed 1s:

1. A bearing ring, comprising a body comprised of a mag-
netostrictive material, with a first bearing raceway and a sec-
ond axially spaced apart bearing raceway located on the body,
and a permanent magnetization which 1s incorporated
between the bearing raceways 1nto a material of the body and
runs around an axis of rotation of the body.

2. The bearing ring as claimed in claim 1, wherein the
permanent magnetization has a {first magnetized portion
which runs around the axis of rotation 1n a first circumieren-
tial direction and an axially spaced apart second magnetized
portion which runs around the axis of rotation 1n an opposite
direction to the first circumierential direction.

3. The bearing ring as claimed in claim 1, wherein the
permanent magnetization comprises a partial magnetization
close to a surface which runs around the axis of rotation in a
first circumierential direction and a radially spaced apart
partial magnetization distant from the surface which runs
around the axis of rotation 1n an opposite direction to the
partial magnetization close to the surface.

4. The bearing ring as claimed in claim 1, wherein a cou-
pling portion 1s provided at or close to an end of the body.

5. The bearing ring as claimed in claim 4, wherein the
coupling portion comprises a feather spring, a multi-tooth
connection, or a multi-edge connection.

6. The bearing ring as claimed in claim 4, wherein the
coupling portion comprises a thread.

7. The bearing ring as claimed 1n claim 1, wherein at least
one of the bearing raceways 1s arranged radially offset 1n
relation to the axis of rotation opposite a portion having the
permanent magnetization.

8. The bearing ring as claimed in claim 1, wherein the body
1s formed 1n one piece.

9. The bearing ring as claimed 1n claim 1, wherein the
permanent magnetization 1s arranged axially centrally 1n rela-
tion to the two bearing raceways.

10. A bearing, comprising two bearing rings, wherein the
first bearing ring, 1s formed according to claim 1.

11. The bearing ring as claimed 1n claim 1, wherein both of
the bearing raceways are arranged radially offset in relation to
the axis of rotation outside of portions having the permanent
magnetization.
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